Abstract
Introduction
From an obstetrics perspective, the past two decades have been marked by a constant increase in the proportion of deliveries by caesarean section in practically all industrialized European countries. Germany currently ranks 5th in Europe with 31% caesarean deliveries, after Italy, Portugal, Romania and Cyprus [1] . A caesarean section can be a life-saving intervention for mother and baby, but it continues to be associated with risks and should therefore be performed only in the event of maternal or fetal indications [2, 3] . The rate of caesareans is regarded as an important indicator of obstetrics quality [4, 5] . Based on data from countries with very low maternal and neonatal mortality, WHO recommended a caesarean section rate of 15% as optimal [6] . Higher rates are conceivable if, for example, there is an increased demand for caesareans among pregnant women; lower rates could be interpreted as a sign of under-provision of obstetric care. Literature analyses show that in addition to medical-obstetric and structural care factors, general social conditions and attitudes of the pregnant women/parents influence the caesarean rates [7] .
A number of papers have reported differences between immigrants, their offspring, and the non-immigrant population of the receiving county in regard to important perinatal care parameters such as caesarean rates. Stress caused by migration, disintegration of existing social networks due to migration or with increasing acculturation, low social status, poor access to the health care system, language barriers and discrimination in the care system can be reasons for differences in caesarean rates and perinatal outcomes among immigrants [8, 9] .
In Germany, 15 million of the approximately 80.2 million inhabitants have a migration background (they either immigrated themselves or are offspring of immigrants). That corresponds to almost 19% of the total population. In Berlin, the largest city, 23.9% of the residential population have a migration background [10] . The first papers on the subject of "births among foreigners" were published in Germany in the mid 1960s. They found a higher rate of surgical vaginal and caesarean deliveries and assumed that language barriers and communication difficulties had a negative influence on the childbirth process [11] . In the past 20 years only few large prospective studies have been conducted in Germany and in Europe which investigated whether factors associated with migration lead to a higher rate of surgical deliveries, in particular caesarean sections.
The decision to perform a caesarean delivery is complex. It depends on the birth situation and the assessment of clinical risks for the patient. At least for an elective (planned) caesarean the views and wishes of the patients influence the choice of the mode of delivery [12] . Sociocultural influences from the country of origin and the degree of acculturation could also play a role here. From a clinical perspective, after adjustment for socio-demographic factors, the overall caesarean rates should not differ between immigrants and non-immigrants. One aim of the study was to examine whether and how migration status (immigrant, second-or third-generation, non-immigrant) affects the risk of an elective and of an emergency (in-labor) caesarean section, respectively. We examined intrapartum, neonatal and postpartum processes and outcomes along the following six questions: (1) Are the rates of elective and emergency caesarean sections different after adjustment for relevant clinical and socio-demographic factors? (2) Are there differences depending on the country or region of origin of the pregnant women? (3) What is the proportion of crash caesareans among emergency caesareans in the respective groups? (4) Do the factors acculturation, German language proficiency and education influence the frequency of the planned caesareans? (5) Are there differences in caesarean indications? (6) Do perinatal results differ in newborns delivered by caesarean, depending on the migration status of their mother?
Methodology
Data were collected in three public Berlin obstetric hospitals (Charité Campus Virchow-Klinikum, Vivantes Klinikum am Urban, Vivantes Klinikum Neukölln). It was possible to carry out standardized interviews based on validated questionnaire sets translated into several languages with almost all women admitted to the three hospitals at least a few hours prior to the onset of labor pain. These primary data were later linked to the women's antenatal records and to the perinatal obstetric data documented in the maternity wards for every birth. All hospitals throughout Germany have to regularly report these perinatal data to AQUA-Institut GmbH in Göttingen for quality assurance purposes. These data, however, do not contain sufficient information on socio-demographics and migration status.
The three-part study questionnaire set comprised 23 questions on socio-demographic aspects, 9 questions on care aspects and 23 questions on migration and acculturation based on a validated instrument (Frankfurt Acculturation Scale, FRAKK [13] ). German language proficiency was self-assessed ("high" if German was first language or German skills were rated at least adequate; else "low"); net household income was self-reported by the woman (see Table 1 for categories).
Her migration status was determined based on the recommendations by Schenk et al. (2006) [14] : information on the parents' country of birth, length of time in Germany and native language. Women with migration background were classified as follows: 1 st generation or immigrant (migrated themselves), 2 nd /3 rd generation (offspring of immigrants), and women with a one-sided migration background (one parent without and one parent with own migration experience; in the analyses, these women were assigned to the non-immigrants due to small numbers and similarities in findings). Women not falling under one of these categories were classified as non-immigrant. The acculturation score was categorized as "low" ( 25 th centile), "average" (>25 th to <75 th centile), and "high" (!75 th centile). A pregnancy was scored as "high-risk" based on doctors' assessment during antenatal care (standardized scoring list in the antenatal card, comprising e.g. previous miscarriage, pre-existing severe disease, diabetes, age below 18 years or above 35 years).
Beginning in January 2011, trained project workers conducted interviews every day for one year in the delivery rooms and maternity wards of the three hospitals. They enrolled all women admitted for delivery within the study period with a viable pregnancy from 24 weeks of gestation, provided the woman was at least 18 years old at the time of birth of her baby and permanently resident in Germany. Minors, tourists, non-resident, women terminating a pregnancy, and women with miscarriages or stillbirths (infant death ascertained at hospital admission and before the onset of labor) were excluded.
A multiple imputation procedure using polytomous (multinomial) regression analyses which is provided in the "IVEware" software package [15] was used to impute missing data on acculturation (in 16.2% of cases). Imputation was based on age group, migration status (immigrants vs. 2 nd /3 rd generation), and level of education. The remaining 70 missing data on acculturation are due to missing items on educational level. Univariate, bivariate and multivariate analyses for evaluating the effects of migration and acculturation processes on pregnancy and birth were carried out with the statistics software SAS 9.2. The significance level was set at p<0.05. Linear regression models were used to check for multicollinearity of variables selected for logistic regression analyses (data not shown as no evidence for multicollinearity was found). Logistic regression models were extended by statistically significant interaction terms using the forward selection technique. Marginal probability differences were calculated which reflect the effect of one unit change in the independent variable on the probability that the dependent variable is one [16] . For example, in Table 2 the marginal probability difference of -0.003 for 1 st generation immigrants means that their probability of an emergency caesarean is about 0.3 percent points lower than for non-immigrants. Odds ratios and marginal probability differences for interaction terms are interpreted relative to the respective reference of the interaction term (Tables 2 and 3 ). For example, the first interaction term in Table 2 shows that the chance of an emergency caesarean section in primiparous women with a high-risk pregnancy is higher than for nulliparous women without high-risk pregnancy. For the number of Marginal probability difference reflects the effect of one unit change in the independent variable (e.g. non-immigrants = 0, 1 st generation migrants = 1) on the probability that the dependent variable is one (= emergency caesarean) [16] doi:10.1371/journal.pone.0127489.t002
emergency caesareans per 100 births, 95% confidence intervals for differences between binomial proportions (Wald statistics) were calculated ( Table 4 ). The p-values shown in Table 5 were adjusted for multiple significance testing using the Bonferroni method. Marginal probability difference reflects the effect of one unit change in the independent variable (e.g. non-immigrants = 0, 1 st generation migrants = 1) on the probability that the dependent variable is one (= elective caesarean) [16] Ethical clearance was obtained from the Berlin Charité Ethics Committee (Ethikkommission I, Campus Charité Mitte, dated 18 Feb 2009). All participants provided their written consent on a form cleared by the Charité Ethics Committee. Data protection regulations were also cleared and observed.
Results
In the study period 8157 women gave birth in the three Berlin obstetrics hospitals. It was not possible to contact 363 women despite multiple attempts. Of the 7794 women invited to participate, only 381 (4.9%) declined to be interviewed; 235 women (3.0%) met one of the exclusion criteria. Six women (< 0.1%) did not consent to linking the interview data with the clinical/obstetric data. In 72 cases (1.0%) it was not possible to merge the clinical perinatal data with the interview data. Ultimately, data from a total of 7100 women were available for analysis, corresponding to a response rate of 89.6%. The questionnaire data of the 7100 women related to 7334 birth data records due to twin and triplet births. For the analysis, the mother's data and the data of her newborn or of her first-born in case of a multiple birth were considered. Among the women interviewed, 39.7% were immigrants and 13.5% belonged to the second and third generation. On account of their small number (n = 11), 3 rd generation women were grouped together with 2nd generation women in the analysis. Table 1 shows the main socio-demographic data of the three groups studied. Table 6 details the frequency of vaginal (spontaneous and surgical) and caesarean deliveries (elective and emergency) in the three groups. Only small differences are visible.
The results of logistic regression analyses in Tables 2 and 3 show that even after adjustment for clinical and socio-demographic factors there are no significant differences between the three groups with regard to the risk of an elective / emergency caesarean delivery (N = 6875 pregnant women with full specification of all parameters). The tables show that the age of the pregnant woman, a high-risk pregnancy, parity, and the birth weight of the baby have a significant effect on the odds of caesarean section while the migration status of the woman does not.
The analysis of interaction shows that primiparous and multiparous women with low birth weight infants have higher odds of an emergency caesarean section compared to the reference group (nullipara Ã birth weight 2500-<4500g; see Table 3 ). Women with high birth weight infants have lower odds of an emergency caesarean section. For elective caesarean sections, the opposite is the case. The interaction age Ã parity was significant only for elective caesarean section, see Table 3 . This indicates that younger nulliparous women as well as older multiparous women have the highest odds of undergoing an elective caesarean section. Table 7 shows the mode of delivery for first generation immigrants (n = 2802) by country / region of origin, stratified by mode of delivery. There are clear (and in many cases statistically significant) differences, especially with regard to emergency caesareans which are more frequent among women from sub-Saharan Africa and from Latin America. The most frequent indication for an elective caesarean in all three groups examined was"previous caesarean or other uterus operation", followed by the indication"breech presentation". In all three groups, emergency caesarean deliveries were performed most frequently due to"pathological cardiotocography (CTG)"."Condition after caesarean"and"protracted birth/ obstructed labor in the opening period"followed second and third on the indication list in all three groups (these findings are not shown in the tables).
The influence of the factors acculturation, German language proficiency and education on the risk of an elective caesarean was compared between the immigrant and the 2 nd /3 rd generation groups (data not shown in the tables). The only noteworthy difference (albeit not statistically significant) was found with regard to school-leaving qualifications: women without any school-leaving qualifications or with primary education only seem less likely to undergo an elective caesarean than those with intermediate or higher school-leaving qualifications (OR 0.78; 95% CI 0.54-1.11). Table 4 shows the proportion of crash caesareans among emergency caesareans in the three groups. Logistic regression modeling of the odds of women undergoing a crash caesarean did not indicate any statistically significant differences between the three groups (data not shown). The total crash caesarean rate was 1.58 per 100 births, with slightly higher rates among first generation immigrants (18.4) than among non-immigrants (15.1). The differing rate in the sub-group with < = 10 emergency caesareans is probably a random effect due to the small number of cases. In Table 5 the neonatal outcomes are summarized, stratified by mode of delivery (vaginal birth, elective and emergency caesarean) and migration status. The frequency of adverse arterial umbilical cord pH-values <7.10 differs minimally between the three groups studied. There was only a significant difference in the rate of transfer of the newborn to a pediatric clinic or neonatal department after vaginal delivery in 1 st generation immigrants relative to the non-immigrant group (reference; p = 0.0038).
Discussion

Principal findings
The caesarean section rate is regarded as an important indicator for assessing process quality of obstetrics care [4, 17] . At the same time, ongoing discussions about "requested caesareans" show that various medical and non-medical factors at least partly influence the rate of Row percentages different from 100% are due to rounding. Details on the country groups:
(1) "Europe 15": Belgium, Luxembourg, Holland, Germany, France, Italy, Denmark incl. Greenland, United Kingdom, Ireland, Greece, Spain (incl.
Canaries, Ceuta, Melilla), Portugal, Sweden, Finland, Austria caesarean sections [18, 19] ). The results of our study show that the caesarean rates of the immigrant women, of the 2 nd /3 rd generation women, and of the non-immigrant women in a large sample of consecutive births in Berlin/Germany were similar (albeit at a high level), with similar indications leading to caesarean deliveries and with near-equal neonatal outcomes. While this study did not find an overall increased rate of caesareans among immigrants and their offspring, the rate of crash caesareans per 100 births was somewhat higher among 1 st generation immigrants than among non-immigrants. This is probably due to barriers to access to care experienced by a small sub-group of presumably less acculturated pregnant women.
Strengths and limitations
The strengths of the study are the prospective data collection, the availability of detailed data e. g on antenatal care and acculturation, and the high participation rate. For the first time in an epidemiological perinatal study carried out in Germany a questionnaire to gather precise information on migration status and acculturation was used, and for the first time were the issues of caesarean frequency, migration and birth outcome analyzed together. In this way, the clinical perinatal data could be supplemented by important socio-demographic data. A methodological limitation of the study is its sample size (which is small when compared to national register studies such as Vangen et al. 2000 [20] ; Sørbye et al. 2014 [21] ). A before-hand power analysis showed that power was sufficient (>80-90%) to demonstrate relevant differences in the main maternal outcomes; a post-hoc power analysis showed that it was also sufficient for two of the neonatal outcomes (pH and transfer; 85% and 75%) but not for the (very small) difference in Apgar score. Another concern is the documentation quality of the perinatal data collected routinely in the obstetrics clinics. Furthermore, there was substantial heterogeneity regarding region of origin in the sample (see Table 7 ), which may have attenuated differences between sub-groups. Finally, the results from a city with a high proportion of immigrants cannot be generalized to smaller towns or rural areas with a low proportion of immigrants in the population. But despite methodological criticism it can be said that our results currently provide the most valid picture of caesarean section frequency, indication and outcomes among immigrants in Germany.
Comparison with other studies
The postnatal condition of newborns has rarely been a focus of other publications on immigrants or their descendants; rather, the differences were almost always discussed among a (specialist) audience regarding the frequency of caesareans and their interpretation (for example, see Merry et al. 2013 [22] ). This means that few comparative data are available regarding the birth outcome. Moreover, the high overall caesarean section rate in our sample needs to be taken into account when making comparisons to other countries, which may have lower overall rates. Margioula-Siarkou et al. (2013) [23] published a retrospective analysis of approximately 7000 births in a Greek clinic. 47.6% of the women were immigrants, the rate of emergency caesareans among them was somewhat lower and babies born to the immigrant group had better overall Apgar scores 1 and 5 min. postpartum. In 2004 in Italy Rizzo et al. [24] established more frequent "planned caesareans" as a mode of delivery among native women compared with immigrants living there. Our study, however, did not find this difference between immigrants and non-immigrants. An analysis of birth data of approximately 1800 newborns collected prospectively in Austria showed a significant difference only for one sub-group, namely women of Turkish origin, who had fewer elective caesarean deliveries and more vaginal births compared with non-immigrant women [25] . Several authors have established a higher frequency of emergency caesarean deliveries among immigrants and ethnic minorities in general [26] [27] [28] [29] . However, the caesarean frequency often differs in sub-groups only, according e.g. to country of origin or duration of stay [21] . In their analysis of the Norwegian birth register Vangen et al. [20] found a higher rate of caesareans among immigrants from the Indian subcontinent, Africa and Latin America, but the frequency among other immigrants e.g. from Turkey or Pakistan was at a similar low level to native Norwegian women. Rio et al. (2010) [4] reported on an analysis of data that was also based on (Spanish) register data and were able to show that the risk for immigrants of a caesarean delivery is lower than for non-immigrant Spanish women. However, the risk was slightly higher for particular regions, e.g. for immigrants from Latin America.
Our analysis according to regions of origin also shows considerable differences, especially in the rate of emergency caesareans for first generation immigrants. Alongside women who immigrated from countries of the European Union, immigrants from Africa and Latin America [4, 20] had the highest caesarean rates, in spite of much lower rates in the regions of origin (sub-Sahara Africa 4%, Latin America/Caribbean 23.7%) [5] . Reasons may include distinct attitudes to caesarean section as a mode of delivery, different maternal knowledge and views on the management of deliveries, and diverging routines of obstetric personnel [30, 31] . The differences found in the studies originating from Europe [32, 33] can possibly be explained by the heterogeneity of the immigrant populations in the various European countries, differences in health reporting and different data collection and recording (definition of target group by country of birth, migration background, or ethnicity).
Oberaigner et al. (2013) [25] examined whether factors associated with migration affect the frequency of caesareans. Unlike in our analysis, Oberaigner et al. identified language proficiency as a relevant parameter: the proportion of vaginal births was significantly higher in the sub-groups of women from ex-Yugoslavia and Turkey. It decreased with increasing length of residence in Austria, and with increasing German language proficiency; the proportion of elective caesareans was highest in the non-immigrant group. Here, too, there were differences between the immigrant groups and a significant increase in the rate of elective caesareans with increasing length of residence in Austria and German language proficiency. The proportion of emergency caesareans was largely the same for all immigrant groups and independent of the length of residence in the country [25] .
Implications
Even though there has been a nationwide, obligatory quality assurance system for all obstetrics clinics in Germany for more than twenty years, to the present day no information on the country of origin of the pregnant women or other important socio-demographic parameters are recorded that would enable further scientific analyses, for example of the influence of migration and acculturation processes on pregnancy and birth [34] . With the study presented here, for the first time such data was collected prospectively and representatively for an urban centre of Germany. Unlike in register studies from Scandinavian countries, it was also possible to consider the degree of acculturation. In our study group, the migration status is not associated with a significantly higher risk of a caesarean delivery. Together with the similar neonatal outcomes after caesarean deliveries (umbilical cord pH and Apgar score, transfer rate of newborns), this indicates equally good standards of medical care at Berlin obstetrics clinics for immigrants, second-and third-generation women as well as non-immigrants. This may apply also to other German cities and industrial regions. However, in view of the international literature, differences in care cannot be ruled out in smaller towns and especially in rural areas with a low proportion of immigrants in the population. This should be examined prospectively in a multicentre study of several urban and rural hospitals.
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